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Synthesis of monomers and polymers
The general procedure for the synthesis of monomer M1 and polymer poly-(R)-1 ( Figure S1 ) can be found in reference [i] . Figure S1 : Structures of (a) (R)-MPA monomer M1 and (b) poly-(R)-1.
Synthesis of monomers
• Synthesis and data of monomer M2.
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC, 1.350 g, 1.2 equiv.), hydroxybenzotriazole (HOBt, 1.400 g, 1.2 equiv.), 2-ethynylbenzoic acid (1.700 g, 1.2 equiv) and diisopropyltriethylamine (DIPEA, 1 mL, 2.0 equiv.) were dissolved in 70 mL of CH 2 Cl 2 , and the mixture was stirred for 15 min to activate the acid. Then, methyl L-alaninate (1.151 g, 1.0 equiv) was added and the reaction mixture was stirred overnight. The organic layer was washed with HCl 1M, saturated solution of NaHCO 3 and brine. The combined organic layers were dried over anhyd Na 2 SO 4 , filtered and the solvent was evaporated at reduced pressure. The crude product was chromatographed on silica gel (70-230 mesh) with hexane/ethyl acetate (7/3) as eluent [2.112 g M2], 82% of pure product. 5, 52.4, 79.7, 82.7, 125.4, 127.1, 132.0, 133.6, 166.2, 173.5. [α] D = +81 (15 mg mL -1 , CHCl 3 ) Figure S2 : 1 H-and 13 C-NMR spectra of M2.
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• Synthesis and data of monomer M3.
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC, 1.350 g, 1.2 equiv.), hydroxybenzotriazole (HOBt, 1.400 g, 1.2 equiv), 2-ethynylbenzoic acid (1.700 g, 1.2 equiv) and diisopropyltriethylamine (DIPEA, 1 mL, 2.0 equiv) were dissolved in 70 mL of CH 2 Cl 2 , and the mixture was stirred for 15 min to activate the acid. Then, methyl D-alaninate (1.000 g, 1.0 equiv) was added and the reaction mixture was stirred overnight. The organic layer was washed with HCl 1M, saturated solution of NaHCO 3 and brine. The combined organic layers were dried over anhyd Na 2 SO 4 , filtered and the solvent was evaporated at reduced pressure. The crude product was chromatographed on silica gel (70-230 mesh) with hexane/ethyl acetate (7/3) as eluent [1.771 g M3], 79% of pure product. 18.7, 48.6, 52.8, 79.8, 82.8, 125.7, 127.1, 132.4, 133.9, 165.9, 173.7. [α] D = -76 (15 mg mL -1 , CHCl 3 ) 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC, 0.122 g, 1.2 equiv.), hydroxybenzotriazole (HOBt, 0.087 g, 1.2 equiv), 2-ethynylbenzoic acid (1.7 g, 1.2 equiv) and diisopropyltriethylamine (DIPEA, 111 µL, 2.0 equiv) were dissolved in 30 mL of CH 2 Cl 2 , and the mixture was stirred for 15 min to activate the acid. Then, methyl L-leucinate (0.771 g, 1.0 equiv) was added and the reaction mixture was stirred overnight. The organic layer was washed with HCl 1M, saturated solution of NaHCO 3 and brine. The combined organic layers were dried over anhyd Na 2 SO 4 , filtered and the solvent was evaporated at reduced pressure. The crude product was chromatographed on silica gel (70-230 mesh) with hexane/ethyl acetate (7/3) as eluent [1.001 g M4], 69% of pure product. 6, 22.8, 24.9, 29.5, 40.8, 51.2, 52.2, 70.8, 82.7, 125.5, 127.1, 131.9, 133.5, 166.6, 173.8 Figure S4 : 1 H-and 13 C-NMR spectra of M4.
• Synthesis and data of monomer M5 3, 15.3, 25.2, 37.8, 51.9, 56.8, 79.6, 82.5, 125.3, 126.9, 131.9, 133.8, 166.2, 172. 19.0, 31.6, 52.3, 71.3, 79.7, 82.8, 125.6, 127.1, 132.3, 134.1, 166.5, 172.6 [α] 
Synthesis of polymers
The polymers were synthesized in a reaction flask (sealed ampoule) that was dried under vacuum and flushed with argon for three times before monomers were added as a solid. Then, the flask was evacuated on a vacuum line and flushed with dry argon (three times). Dry THF was added with a syringe and then, Et 3 N dropwise. A solution of rhodium norbornadiene chloride dimer, [Rh(nbd)Cl] 2 , in THF was added at 30 ºC. The reaction mixture was stirred at 30 ºC for 24 h. Next, the resulting polymers were diluted in CH 2 Cl 2 and they were precipitated in a large amount of diethyl ether, centrifuged (twice) and reprecipitated in hexane and centrifuged again. The cis stereoregularity of the polymers was determined by 1 H-NMR spectroscopy (Figure S7a, c, e, g, i) where the vinyl proton resonates at 5.8 ppm, and Raman resonances (Figure S7b, d, f, h, j) . The peak at 1610-1570 cm -1 is assigned to C=C bond stretching in the cis poly(acetylene) and overlaps with that of the phenyl ring. The peak at 1350-1340 cm -1 is assigned to the cis C-C bond coupled with the single bond connecting the main chain and the 
GPC studies
GPC data were obtained in an Aliance 2695 HPLC with a UV-2489 detector (Waters). The samples were eluted by three Phenogel columns connected to each other with stationary phases of 10 3 , 10 4 and 10 5 Armstrong and packed with a solid support of a cross-linked styrene and p-divinylbenzene copolymer. GPC data of the polymers for this manuscript see the table below. 
Thermal studies DSC studies
DSC traces were obatined in a DSC Q200 Txero Technology (TA instruments, New Castle, UK), equipped with a refrigerated cooling system RCS90 (TA Instruments, New Castle, UK), using a Tzero low-mass aluminum pan. DSC studies were carried out in order to determine de geometry of the polymer backbone. As a general protocol, a polymer sample was kept in an aluminum pan and heated from 40 ºC to 350 ºC with a heating rate of 10 ºC/min ( Figure  S8 ). The thermograms of the polymers show typical traces for a cis-trans backbone, where two exothermal peaks corresponding to the c-t to c-c and the c-c to t-t were observed. 
TGA studies
TGA traces were obtained in a TGA Q5000 (TA Instruments, New Castle, UK) using a platinum pan. TGA Studies were carried out in order to determine the thermal stability of the polymers. As a general protocol, a polymer sample was kept in a platinum pan and heated from 40 ºC to 800 ºC with a heating rate if 10 ºC/min ( Figure S9 ). 
IR measurements of different polymers
ATR/FT-IR spectra were recorded in a BRUKER IFS-66v spectrophotometer. A solution of Ba(ClO 4 ) 2 (0.2 equiv., 10.0 mg mL -1 in MeOH) was added to a solution of poly-X (X= poly-2, poly-3, poly-4, poly-5, poly-6) in CHCl 3 (1.5 mg mL -1 ). The mixture was allowed to react for 5 minutes without stirring. FT-IR experiments show that, after the addition of Ba(ClO 4 ) 2 [poly-X / Ba 2+ / MeOH in a 1.0/0.2/<500 mole ratio] produce a helical inversion due to a chelation between the divalent metal ion and the amide and ester groups of the pendant moiety ( Figures S10-S14 ). This helix inversion is due to a conformational change at the pendant moiety from a preferred anti conformation between the two carbonyl groups, towards a syn orientation, which stabilized by the divalent metal ion. Consecutive additions of methanol [poly-X / Ba 2+ / MeOH in a 1.0/0.2/>500 mole ratio] produce another helical inversion, and the initial CD signature is recovered. At this point, the metal ion is still present, being coordinated only to the ester group (Figures S10-S14), stabilizing again the preferred anti conformation. Figure S14: IR spectra of solutions of poly-6 in CHCl 3 (1.5 mg mL -1 ) and solutions of polymers (1.5 mg mL -1 in CHCl 3 ) titrated with Ba(ClO 4 ) 2 in MeOH (10.0 mg mL -1 , 0.2 equiv.) and measured with both polymer(mru)/MeOH mole ratio= 1/<300 and polymer(mru)/MeOH mole ratio= 1/>300.
CD studies
CD measurements were done in a Jasco-720. The amount of polymer used for CD measurements was 0.3 mg mL -1 .
Response of the polymers to external stimuli: solvents
The different responses of poly-2, poly-3, poly-4, poly-5, poly-6 to a range of external stimuli such as solvents with different donor/acceptor/polarity characteristics were tested ( Figure S15 ). Figure S15: CD spectra of poly-2, poly-3, poly-4 , poly-5 and poly-6 in different solvents.
Response of the polymers to external stimuli: metal cations
CD studies were performed with a solution of poly-2 in CHCl 3 (0.3 mg mL -1 ) Thus, at a poly-2(mru)/MeOH mole ratio= 1/<500, the CD spectra show a positive Cotton effect at the vinylic region indicating that the coordination of M 2+ to the pendant is only through the carbonyl group. The helical polymer-metal complex adopts the syn conformation and, as a consequence, the left-handed helical structure ( Figure S16 ). Further additions of methanol to that solution [poly-2 / M 2+ / MeOH in a 1.0/0.2/>500 mole ratio] produce another helical inversion leading now to the recovery of the initial CD signature ( Figure S16 ). Similar complexation experiments were performed for poly-3, poly-4 and poly-5 showing the same dynamic coordination mechanism in all polymers tested, with a first helix inversion due to the formation of complex I -chelation of the two carbonyls group (amide and ester) with the metal ion-, followed by a second helix inversion by addition of MeOH due to the formation of complex IIcoordination of the metal to the ester group-(Figures S17, S18, S19 In the case poly-6 (CHCl 3 ), there is an exception for the second helix inversion: although the complex II is obtained -metal coordinated only to the ester group-, the conformation at the pendant group remains syn, without recovering the initial anti conformation.
Additional studies on the dynamic behaviour of poly-6 in CHCl 3 showed that the addition of tiny amounts of MeOH stabilizes the syn conformation at the pendant moiety, making impossible to recover the original anti conformation adopted by poly-6 in CHCl 3 ( Figure S20 ). 5. Nanostructuration studies
Dynamic light scattering (DLS) measurements
DLS measurements were performed on a Malvern Nano ZS (Malvern Instruments, U.K.) operating at 633 nm with a 173º scattering angle. Samples were measured at a final concentration of 0.3 mg mL -1 diluted with CHCl 3 .
These studies clearly indicate that HPMCs form aggregates with a defined structure. The size of these aggregates can be modulated by the addition of different divalent metal ions or different amounts of the metal. Addition of M(ClO 4 ) 2 to solutions of poly-2 in CHCl 3 (0.3 mg mL -1 ) at an appropriate poly-2(mru)/M 2+ ratio originates the appearance of well defined nanospheres (i.e., a poly-2(mru)/Ba 2+ ratio of 1.0/0.2 generate nanospheres of 75 nm; Figure S22 ). Additional studies were carried out on solutions of poly-2 in CHCl 3 (0.3 mg mL -1 ) with the addition of M(ClO 4 ) 2 and with a poly-2(mru)/MeOH mole ratio= 1/>500. The formation of chiral nanoparticles was observed. DLS studies show larger chiral aggregates with a right-handed helix when the polymer/MeOH mole ratio= 1/>500 ( Figure S22 ). mole ratio] produce another helical inversion, and the initial CD signature is recovered (similar to poly-2). However, the amount of methanol prevents the formation of well-defined P nanoparticle due to the solvation of the metal promoted by the co-solvent. Therefore, if we change MeOH by another donator co-solvent, such as THF, to decrease the solvation level, P nanoparticles can be obtained ( Figure S24 ). It was found that when beta branched amino acids are used as pendant groups in the poly-5 ( Figure S20a ) and poly-6 ( Figure S20b ) complex, the crosslinking ability of the metal is reduced or even disrupted due to the steric hindrance on the pendant group, and therefore chiral nanospheres are not obtained ( Figure  S25 ). 
Microscopy studies
SEM measurements were performed on a LEO-435VP electron microscope equipped with an energy dispersive X-ray (EDX) spectrometer. TEM measurements were performed on a JEOL JEM 2010 and 200 KV as a voltage.
Measurements of left-handed HPMCs
A solution of poly-2 in CHCl 3 (0.03 mg mL -1 ) titrated with M(ClO 4 ) 2 (10.00 mg mL -1 , in MeOH) with poly-2(mru)/MeOH mole ratio=1/<500 showed a positive Cotton effect at the vinylic region in the CD spectra indicating the presence of a left-handed helical structure. This solution was drop casted onto a with different amounts of M(ClO 4 ) 2 was settled onto formvar carbon film, and allowed to dry at rt for 12 h.
During these measurements, the presence of nanospheres made of poly-2/M 2+ complex was observed. In those nanospheres, the polymer adopts a preferred left-handed helical structure ( Figure S26 ). 
Measurements of right-handed HPMCs
A solution of poly-2 in CHCl 3 (0.03 mg mL -1 ) titrated with Ba(ClO 4 ) 2 (10.00 mg mL -1 ) and poly-2(mru)/MeOH mole ratio=1/>500, showed a negative Cotton effect at the vinylic region indicating the initial CD signature is recovered. Moreover, the metal ion is still present being coordinated only to ester group stabilizing again the preferred anti conformation. This solution was drop casted onto a silicon wafer chip and allowed to dry at rt for 12 h, and SEM measurements were carried out. During these studies, the presence of P-
nanospheres with a size between 90 and 120 nm made from poly-2/Ba + complex were observed ( Figure S22 ). 
Encapsulation studies: confocal microscopy
Images were performed on a Leica TSC-SP2 microscope. Solutions of poly-2 in CHCl 3 (0.03 mg mL -1 ) with the correspondent fluorescent dyes (5,6-carboxyfluorescein, rhodamine B isothiocyanate) or Quantum Dots [Lumidot CdSe/ZnS (590 nm QD)] and different divalent metal ions M(ClO 4 ) 2 in MeOH (10 mg mL -1 ) were carried out. The HPMC with poly-2(mru)/MeOH mole ratio=1/<500 and poly-2(mru)/MeOH mole ratio=1/>500 generates selectively chrial (M or P) nanoparticles ( Figure S23 ). 
Atomic force microscopy (AFM) measurements
Stock solutions of poly-2 (0.3 mg mL -1 ) in CHCl 3 were prepared and then diluted until 0.03 mg/mL. A solution of 10 mg/mL of Ba(ClO 4 ) 2 in MeOH was prepared and 0.2 equiv. of Ba 2+ were added to a 0.03 mg mL -1 solution of poly-2 in CHCl 3 .
One drop of this mixture (10 µL) was placed on freshly cleaved onto silicon wafer chip ( Figure S24 ). All AFM measurements were performed at Park System in air at RT with standard silicon cantilevers and super-sharp cantilevers in non-contact mode using 12 µm and 1 µm scanners. Nanoscope processing software and WSxM 4.0 Beta 1.0 (Nanotec Electronica, S.L.) were used for image analysis. 
